One initiative largely stimulated through public policy to strengthen firms' innovation capacity is the creation and consolidation of Incubators and Science & Technology Parks (ISTPs). These habitats aim to foster innovation through, among other methods, the promotion of resource complementarity and action interdependence. Empirical studies, however, have not been conclusive about this. This article analyse the relations between resources provided by ISTPs and the elements of collaborative R&D. We conducted a survey with Brazilian ISTPs and analysed the results using a quantitative multilevel approach. Our study suggests that these innovative environments do affect collaborative R&D, but not by through the services and infrastructure they provide. We indicate possible alternatives to support future studies that analyse ISTPs in emerging countries.
Introduction
Incubators and science & technology parks (ISTPs) are important institutional mechanisms that stimulate regional development, since they seek to sustain innovation ecosystems. These innovation environments mostly host small and medium-sized firms, which individually face many difficulties with keeping up-to-date and with developing and bringing innovations to market. In such cases, collaboration is a fundamental strategy for developing new products and services, characterizing the network as the locus of innovation (Nooteboom, 2008) . Therefore, in order to promote innovation and regional development, ISTPs should direct their efforts not only to strengthen individual firms, but also to develop the networks to which these firms belong. The incubators in Chile, for example, emphasize the network when developing their tenants (Chandra & Medrano Silva, 2012) .
Although there has been a growth in interest in collaboration and innovation in these milieus among government, academics and practitioners, the results of research remain ambiguous. Some studies indicate that ISTPs strengthen inter-organizational relations (Chan et al., 2010; Phillimore, 1999; Tan, 2006; Vedovello, 1997) and innovation (Lindelöf & Löfsten, 2003; Tan, 2006) . In Brazil, for instance, Lahorgue (2004) and Etzkowitz et al. (2005) indicated that incubators have been producing encouraging results in terms of generating employment and income for the population. Other studies, however, have not found empirical evidence that these environments positively influence inter-organizational relations (Bakouros et al., 2002; Kihlgren, 2003; Lindelöf & Löfsten, 2003; Malairaja & Zawdie, 2008; Radosevic & Myrzakhmet, 2009; Vedovello, 1997) or innovation (Chan et al., 2010; Massey et al., 1992; Radosevic & Myrzakhmet, 2009; Westhead, 1997) . Also, the adoption of models for these innovation environments is both criticized (Castells & Hall, 1994) and considered a practicable possibility (Etzkowitz & Leydesdorff, 2000) .
With the exception of a small number of studies, the majority of quantitative analyses have compared firms inside these environments against firms from outside, assuming homogeneity of services and infrastructure and relatively context-independent sample characteristics. Qualitative studies, on the other hand, provide weak generalizability that is necessary for a comprehensive theoretical support. In addition, many studies focus on technologically developed countries, subjected to different institutional factors from developing countries.
Given the importance of ISTP development and the opportunities for contribution identified in the literature, our research objective is to investigate how do ISTP's environments affect R&D collaboration between their tenants. We conducted a multilevel analysis among Brazilian ISTPs, a developing country that has partially adopted ISTP conceptions and management models from other nations. Adopting two levels of analysis, we use a quantitative approach to observe three different types of relationships. Our intention is to contribute to the increasing understanding of the complex phenomenon of R&D collaboration within ISTPs by providing a basis for the conceptualization of its elements and antecedents. We expect that the results of this study can help policymakers and ISTP managers to understand the role of these habitats as active facilitators of innovation, thereby bringing complementary elements to their strategy formulation.
The present work is organized as follows: in the next section, we explain the design and research method. The, each of the constructs are detailed. We discuss ISTP resources, collaborative R&D and the elements that comprise it. In the following section, we describe the data collection process. The results are presented next and are followed by a discussion of the implications of this study for theory and practice. Our concluding remarks are presented in the final section, also describing this study's limitations.
Design and Method
Our study is designed with two level of analysis. First, in the lower level, we analyse the relationship between ISTPs resources and the elements of R&D collaboration. Conceptually, we understand resources (Barney, 1991) as services and infrastructure to which ISTP tenants have access. In this analysis, we use Partial Least Squares (PLS) to test
ISTP Resources
Since collaboration is one of the strategies for learning and innovation (Dyer & Nobeoka, 2000; Ili et al., 2010) , ISTPs should provide hosted firms with access to resources that nurture inter-organizational relationships. Drawing on Barney (1991) , ISTP resources can be classified as human, financial (which we also refer to as services), or physical (infrastructure). More specifically, human resources can be subdivided into those providing technical and scientific, legal, marketing and strategy competencies. Financial resources covers (Bakouros et al., 2002; Etzkowitz et al., 2005; Hansson et al., 2005; Ku et al., 2005; Lahorgue, 2004; Massey et al., 1992) Legal Competencies Legal consultancy
ISTPs
Intellectual property mechanisms (Hansson et al., 2005) Marketing competencies
Commercial feasibility
Market research
Channel and logistics Price formation (Hansson et al., 2005; Ku et al., 2005; Lahorgue, 2004; Massey et al., 1992; Radosevic & Myrzakhmet, 2009) Strategic competencies
Strategic planning
Business diagnosis and plan
Help with firm structuring (Ku et al., 2005; Lahorgue, 2004; Massey et al., 1992; Radosevic & Myrzakhmet, 2009) 
Elements of Collaborative R&D
From the literature on collaborative R&D, drawing in particular on Dyer and Singh (1998) and on Groen's networking approach (Groen, 2005) , three elements that are potentially influenced by innovation environments were highlighted: Goal Congruency, Governance Mechanisms and Knowledge Complementarity. These elements are explored in detail below and their possible relationship with ISTP resources were translated into eleven exploratory propositions.
Goal Congruency
The degree of alignment between the objectives of network members is one of the fundamental attributes of the networking process, since it can involve access to, or control of, complementary resources (Dyer & Singh, 1998; Oliver, 1990; Richardson, 2003) . Achieving goal congruency is a challenge in formation of inter-organizational relations, since the objectives of members are frequently different and sometimes contradictory. This difficulties and its dependence on each actor's perceptions is translated by Castells (1998) when he calls it "coherency" of the network. For the purposes of this article, Goal Congruency is defined based on Cao et al. (2010) , as the degree to which the participants in an R&D project perceive their own objectives are met by the objectives of the project.
ISTPs can enhance a given firm's Goal Congruency by providing tenant's access to the adequate network and, consequently, to the resources required for their innovation strategy (Chan et al., 2010; Phillimore, 1999; Tötterman & Sten, 2005) . Certain services and infrastructure offered by ISTPs possibly influence Goal Congruency, such as the interests involved in the production of knowledge based on scientific competencies and R&D infrastructure (Gray, 2008) . At the same time, a clearer marketing vision stimulated by the development of strategic competencies and sustained by educational infrastructure can help firms realize common opportunities compatible with their internal resources. Firms can also reach agreements in order to obtain technology synergy and knowledge sharing (Oliver, 1990) , as well as financial resources for innovation. Access to these resources and their potential relation to Goal Congruency within ISTPs leads to our exploratory propositions P1 to P4:
Goal Congruency for collaborative R&D in ISTPs is influenced by tenants' access to: (P1) technical and scientific competencies, (P2) strategy competencies, (P3) educational infrastructure, and (P4) R&D infrastructure.

Governance Mechanisms
In the context of collaborative R&D, especially among high technology firms in ISTPs, two governance mechanisms play important roles: Trust and Contract. If trust exists, partners may decide not to include safeguards that are more complete. In such cases, trust substitutes contract. If the intention is merely to formalize the relationship, then trust and contract may play complementary roles. Finally, if no trust exists, contract represents an important mechanism for preventing opportunism. In these cases, contract substitutes trust (Woolthuis et al., 2005) . For the purposes of this article, Trust is defined as by Zaheer et al. (1998) , i.e. the "expectation that an actor (a) can be relied on to fulfil obligations, (b) will behave in a predictable manner, and (c) will act and negotiate fairly when the possibility for opportunism is present".
Business incubators have been found to induce accumulation of social capital and construction of trust relations (Tötterman & Sten, 2005) , although Oakey (2007) says this process is limited by the fear of losing intellectual property. Where ISTPs provide infrastructure for social activities, such as restaurants, cafeterias, shops, etc., this can facilitate the exchange of tacit knowledge and help establish a common set of values (Hansson et al., 2005; Ku et al., 2005; Lahorgue, 2004; Watkins-Mathys & Foster, 2006) . This sharing of values can improve understanding between the actors and help to create a trust environment (Nooteboom, 2007) . Although trust also has wider institutional elements (Bachmann & Zaheer, 2008) , empirical studies emphasize that ISTPs can provide fertile ground for trust relations (Castells & Hall, 1994) . From this, we derive our exploratory proposition P5:
Trust for collaborative R&D in ISTPs is influenced by tenants' access to (P5) infrastructure for social activities.
The other important dimension of governance refers to the complete-ness of contractual safeguards. In ISTPs, contractual safeguards may be more or less detailed, depending on the understanding of the contract's role from the actors involved (Woolthuis et al., 2005) . Considering ISTPs can provide access to intellectual property and general legal competencies, as well as to financial resources provided by the state, it is reasonable to propose that these resources will be associated with more complete contractual safeguards. This leads to our exploratory propositions P6 and P7:
Contractual completeness for collaborative R&D in ISTPs is influenced by tenants' access to (P6) legal competencies and (P7) financial resources.
Knowledge Complementarity
Network formation allows easier access to complementary resources for innovation (Dyer & Singh, 1998) . In the case of collaborative R&D, complementary resources are primarily scientific, technical and commercial knowledge that complement the resources owned by a firm, enabling it to fulfil its innovation objectives (Dyer & Nobeoka, 2000; Ili et al., 2010; Richardson, 2003) . The definition of knowledge complementarity adopted for the purposes of this article is based on Cao et al. (2010) and Nonaka (1994) and is stated as "the exchange of tacit knowledge that fulfils or completes the performance of each partner in a collaborative R&D project by the sharing of experiences".
Results indicating that knowledge complementarity is positively influenced by incubators have been reported (Tötterman & Sten, 2005) . In the case of science parks, however, the results are ambiguous. While some studies suggest a positive influence on knowledge complementarity (Phillimore, 1999; Tan, 2006; Watkins-Mathys & Foster, 2006) , others have identified neutral or even negative influences (Bakouros et al., 2002; Chan et al., 2010; Malairaja & Zawdie, 2008; Westhead, 1997) .
Some resources may encourage knowledge complementarity and synergy between ISTP firms, such as R&D laboratories (Löfsten & Lindelöf, 2005; Vedovello, 1997) and equipment (Kihlgren, 2003; Malairaja & Zawdie, 2008; Watkins-Mathys & Foster, 2006) . ISTPs can enable access to resources that tenants do not possess, which may be the case of specific technical, scientific and marketing competencies. The origin of these competencies could be suppliers, customers, universities or research institutions; thereby connecting internal firms into a diversified network of relationships. Infrastructure for education can serve as means to become acquainted with the competencies of other tenants, leading to knowledge complementarity. On this basis, exploratory propositions P8 to P11 can be stated as follows:
Knowledge complementarity for collaborative R&D in ISTPs is influenced by tenants' access to: (P8) technical and scientific competencies, (P9) marketing competencies, (P10) educational infrastructure, and (P11) R&D infrastructure.
In the next section, we explore the method used to achieve our study objectives.
Data Collection
As an emerging country, Brazil is struggling to promote innovation and entrepreneurship. . Each ISTP was telephoned, given an explanation of the research objectives and then requested to supply a list of their tenants, resulting in a list of 1,004 tenants. We called the person responsible for R&D at each tenant (defined as our respondent), and invited him to participate in our study. A list of 437 e-mail addresses was obtained. Data collection was conducted using SurveyMonkey 1 and respondents were informed that if they took part and completed the questionnaire they would be entered into a raffle to win a tablet, as an incentive to participate. After three reminders sent to non-respondents, 265 questionnaires had been answered. A non-significant number of cases with incomplete data was identified (Kline, 1998) and the mean for the variable in question was used as a substitute in such cases. Outliers were also non-significant, since only one variable from one questionnaire was identified as such.
The scale for independent variables, i.e., the services and infrastructure provided by ISTPs, was designed to measure respondents' opinions on the contribution that ISTPs made to their access to the resources listed in Table 1 . The response scale ranged from zero, meaning the ISTP did not contribute to accessing the resource, to three, meaning it contributed greatly. Dependent variables were measured by adapting scales already available in the literature and that offered adequate validity and reliability. The scale for Goal Congruency was based on Cao et al. (2010) ; for Trust, on Zaheer et al. (1998) ; for Contract, on a formative construct from Woolthuis et al. (2005) ; and the measurement for Knowledge Complementarity was based on Wittmann et al. (2009) and Deitz et al. (2010) . Precautions were taken to control common method biases (Podsakoff et al., 2003) , such as separating independent and dependent variables using different section of the online form and different scales, ensuring respondent anonymity and careful consideration of item wording constructions. A pre-test was also conducted with four respondents in firms located in ISTPs, which helped to improve ordering and wording of items.
Results
Sample Characteristics
The typical firm in our sample is small (83.4% with less than 10 employees), recently established (80.6% less than 5 years) and does business in the high technology market (72.9% in information technology, communications, biotechnology, etc.) Most firms are located within incubators (71.8%) while some of them are situated in science parks (19.6%). Other firms (8.6%) have either recently left their incubators or are hosted in mixed environments (science park and incubator). Most respondents have worked for their (1) www.surveymonkey.com company for more than one year (86.4%) and work at the strategic level (78.9%). Less than half of the firms (44.9%) have recently participated in collaborative R&D projects. From those, 51.5% of projects began less than one year previously, 79.8% had durations of less than two years and 69.3% had total values of more than US$ 40 thousand.
Constructs Analysis
As ISTP resources were not classified by the literature, these variables were subjected to Exploratory Factor Analysis (EFA) in order to verify subjacent constructs and simplify the theoretical framework. Two variables with lower communalities (< 0.5), "Professionals from partner firms" and "Distance learning", were excluded, and the final analysis identified five components (Kaiser-Meyer-Olkin [KMO] = 0.913; Bartlett's p < 0.01; total variance explained = 76.4%). Indicator variables were then submitted to re-specification in order to reduce the number of variables and simplify the model. In this process, variables with higher factor scores were selected to represent the constructs. This was performed based on both high correlations between variables and their theoretical contributions to the construct. The resulting structure is presented in Table 2 . As the variables representing elements of R&D collaboration were based on the literature, we subjected them to Confirmatory Factor Analysis (CFA), using Structural Equations Modelling (SEM) (Anderson & Gerbing, 1988 )K(. Except for Trust, all constructs showed good reliability (Average Variance Extracted >0.5). This was possibly due to the interpretation of reversed scales, which may have ambiguous meanings in Portuguese. However, since reliability was close to the cut-off limit of 0.5 and the construct already had the minimum number (three) of indicators (Hair et al., 2009) , we decided to retain it in the model. CFA resulted in an adequate model fit (RMSEA = 0.76 and CFI = 0.934). The maximum correlation between constructs was 0.549, indicating good divergent validity. Validity and reliability indicators and factor scores are shown in Table 3 below.
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Multilevel Analysis of Relationships
ISTP Resources and the Elements of R&D Collaboration
Because more than half of the firms in the sample did not participate in joint R&D projects, the analysis of dependent variables could only be conducted for 119 cases. This, together with the number of parameters to estimate in the theoretical framework, makes Partial Least Squares (PLS) the most appropriate tool for multivariate analysis. The framework was translated into a PLS model in order to verify the theoretical propositions. The results indicated that all constructs had good predictive relevance, since the crossvalidated redundancy measure (Q 2 ) was greater than zero (Hair et al., 2012) 2012 for all constructs.
However, as shown by the results in Table 4 , since path coefficients did not reveal any significant relationships between constructs (sig.≤0.05), the empirical data did not support any of the propositions. This means that in our lower level of analysis, the resources provided by ISTPs are not significantly related to the elements of collaborative R&D.
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios. Strictly speaking, the absence of significant relationships points to inconclusiveness at this level of analysis within ISTPs in Brazil, services, such as the allocation of researchers, students and specific competencies, and infrastructure, for example R&D laboratories and educational spaces, were not found to be significantly related to Goal Congruency, Knowledge Complementarity or Relational Governance.
ISTPs and the Elements of Collaborative R&D
In order to verify whether other ISTP characteristics are influencing collaborative R&D, its elements were subjected to Analysis of Variance (ANOVA) across ISTPs. Variables with significant variances are indicated in Table 5 .
One of the propositions deserves attention, though. The relationship between management competencies and knowledge complementarity (P9) resulted in a significance (sig=0.064) which is bordering the level of 0.05. This indicates either a weak relationship or the effects of a small sample. Access to management competencies includes support to strategic planning, commercial feasibility and legal consultancy, which can give rise to a fruitful environment where firms can consider their core competencies, including those related to R&D. Increased awareness of internal resources and demands might lead companies to look for potential partners to complement them. ISTP managers may also be acting as knowledge brokers, mediating hosted firms' relationships with other actors and cultivating complementarity. As the significance level of this relationship is below an acceptable level, additional studies are required to explore these issues further.
Collaborative R&D element Measurement item Sig.
Goal Congruency Our partners and we have reached a consensus on the objectives of the project. 0.048 Trust Our partners are trustworthy. 0.031
Contract
Our contract is very detailed regarding information leakage. 0.036
Our contract is very detailed regarding ownership rights. 0.046
Knowledge Complementarity Together, our firms aggregate substantial knowledge to the project 0.005
Our partners and we have complementary knowledge that is useful to the project. 0.036
The R&D project involves knowledge and competencies that complement our own 0.038 ISTPs have, up to a certain point, influence in all collaborative R&D elements proposed here.
ISTP Resources and Collaborative R&D
Finally, in order to observe whether ISTP resources influence R&D collaboration, we analysed the variances of ISTP resources between two groups of tenants: those that participated recently in collaborative R&D projects (119 cases) and those that not participated (146 cases). The ANOVA results are represented in Table 6 . Table 6 shows that, in this upper level of analysis, significant differences between project's participants and non-participants are present concerning financial resources, technical-scientific competencies and R&D infrastructure. It is possible to observe some convergence in these categories of resources. Research competences and infrastructure, supported by financial resources, seems to be associated with tenants' engagement in collaborative R&D projects. Some studies contradict (Bakouros et al., 2002; Vedovello, 1997) and others corroborate (Hansson et al., 2005; Löfsten & Lindelöf, 2005) these results. Financial resources are the main drivers to innovation, especially to high technology start-ups (Lahorgue, 2004; WatkinsMathys & Foster, 2006) . Access to external sources of funding and lower fees are among the main motives for tenants to establish in these environments. Possibly, the promotion of funding calls and the incentive for tenants to submit projects are initiatives performed by ISTPs that are associated with these results. Once projects are submitted and approved, then funds are transferred, laboratories are built, research equipment is bought and researchers and students are allocated. In Brazil, governmental agencies, such as CAPES, CNPq and FINEP, are the primary sources of funding that support scientific projects. Direct investment flows from ISTPs to their tenants, as Chandra and Medrano Silva (2012) suggest, is less frequent. In this process, all three actors are performing their roles in the Triple Helix (Etzkowitz & Leydesdorff, 2000) model, but he primary protagonist in this process seems to be the Brazilian government and its policy towards the incentive of scientific research and technology development.
In Brazil, Almeida (2005) suggests that the creation and consolidation of incubators follows the Model III of Triple Helix (Etzkowitz & Leydesdorff, 2000) , since it develops from the initiatives of the civil society and involves many types of organizations. In terms of collaborative R&D within these environments, however, since it seems to be government supported, Triple Helix Model I would fit this modus operandi better. Implications of these results for theory and practice will be explored in the next section.
Implications for Theory and Practice
The results obtained here may have important implications for researchers, practitioners and policymakers. ISTPs are relatively recent in Brazil, in comparison with technologically developed regions in the world. The absence of significant relationships in the lower level of analysis, combined with the significant variances found in upper levels of analysis, suggests that factors other than ISTP resources, such as those related to the organizational, inter-organizational or institutional levels, are in fact influencing collaborative R&D.
At the organizational level, it is possible that hierarchy or market coordination structures in this empirical setting are more costattractive than those based on collaboration. Oakey (2007) , for example, suggests that the ability to work hierarchically in highly focused groups is responsible for R&D success, rather than geographical proximity with potential partners. Other organizationallevel variables, for example, legitimacy and reputation (Human & Provan, 1997) , competency in relationship management (Powell et al., 1996) , perceived lack of control and internal conflicts (Gray, 2008) , and absorptive capacity (Cohen & Levinthal, 1990 ) may be also influencing collaborative R&D.
At the inter-organizational level, variables such as network density (Powell et al., 1996) , business diversity in the same innovation environment (Tötterman & Sten, 2005) , cognitive distance between actors , history of conflict, distrust or power differences among partners (Gray, 2008) or the criteria used to select firms (Bakouros et al., 2002) may be influencing collaborative R&D. Institutional-level variables can also be included among the factors influencing collaborative R&D, such as collaborative culture or the national innovation system (Nelson, 1988) .
The temporal dimension may also help to understand collaborative R&D within ISTPs. Most firms in our sample are recently founded, which is a reflection from the major presence of incubators. For these firms, relational experiences are still not developed enough to enhance reputation, reduce uncertainty and foster trust between potential partners (Ahuja, 2000) . Zollo et al. (2002) indicate that firms with weak relational competencies can benefit most from capital-based partnerships, such as joint ventures. Within ISTPs, however, the time and stability needed to cultivate this kind of partnership may not match the firm's size or the dynamics imposed by R&D processes. Hu et al. (2005) , and also Dittrich and Duysters (2007) , support this idea, suggesting that R&D collaboration typically occurs in occasional, rather than continuous relationships. Temporary relationships suit innovation better, but present a challenge to build trust among tenants. This limiting factor may present a barrier to collaborative R&D that inhibits the effects of services or infrastructure. Figure 3 shows the revised theoretical framework that represents the actual findings of this study.
By acknowledging that ISTPs do influence R&D collaboration through characteristics other than its services or infrastructure, policymakers should realize that fostering innovation cultures is not a straightforward or a short-term agenda. Institutional, inter-organizational, organizational and path dependent factors, as well as all their interdependencies, might as well be considered. This may imply that viewing ISTPs with an instrumental perspective has several limitations, and a systemic approach might be necessary or, at least, recommended. 
Concluding remarks
We addressed multiple levels of analysis to study R&D collaboration within ISTPs, complementing previous efforts that have been made in order to understand these innovation environments better. Our results call the attention of both academics and policymakers to the limited effects of ISTPs' services and infrastructure on collaborative R&D. The specificity level with which we approached Brazilian ISTPs and the empirical relationships we explored contributed with the un-derstanding of these environments and its role as promoters of tenants' collaboration, innovation and regional development. Our contribution indicates that ISTPs in Brazil influence collaborative R&D through elements other than its services or infrastructure.
Some research limitations and potential biases of the present study may also be considered. The sample used here is not representative of the population of Brazilian ISTP tenants, and caution is advisable while generalizing the results. Greater samples could also allow the testing of propositions with more robust multivariate statistical techniques, such as Structural Equations Modelling (SEM), and provide different significance levels. In addition, causality relations among constructs may not be implied, since the conditions for such testing were not met.
We understand that the phenomena of R&D collaboration within incubators and science parks transcends the relationships observed here, endorse previous studies and calls for further academic attention. Approaching this empirical environment is not an easy task. On one hand, idiosyncrasies of the context within which ISTPs are formed and developed and, on the other hand, the complexities inherent to collaborative R&D projects, may prevent identification of generalizable propositions. Considering the issues discussed here, future efforts to comprehend this phenomenon could be directed at exploring different levels of analysis. Theoretically, the exogenous variables discussed above, and epistemologically, complex systems theory, may offer some light.
